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Abstract A miniaturized microwave sensor for internet of things (IoTs) is 
presented. The proposed sensor though a periodic structure exhibits two 
intrinsic resonances namely: the spatial wavelength due to its periodic 
geometric structure, and the radiation wavelength due to applied voltage source 
to the microwave sensor. The wavelength differential between the spatial and 
radiation wavelengths is employed for the sensing based on the electrical 
impedance tomography of the sensed material.  The miniaturized capability of 
the proposed sensor is investigated based on some available formulae using 
Matlab code for parameter extraction, and also with finite integration technique 
electromagnetic (EM) codes. A proof-of-concept prototyped sensor is 
fabricated on a printed circuit microwave laminate board in order to validate the 
miniaturized capability of the proposed sensor. Findings indicate a superior 
impedance match, substantial impedance bandwidth, robust gain, cost 
effectiveness, compared to AoC/AiPs with associated losses due to the silicon 
substrate. 
Keywords: Antenna-on-chip/antenna-in-package, big data, channel 
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1   Introduction 
The sustainability of big data technology may also depend on the efficiently 
implemented interconnections of highly-integrated, high-speed, large-scale 
heterogeneous servers. Highly integrated IoTs heterogeneous sensor nodes and 
gateways must be implemented to provide robust platforms to collect and transmit 
substantially massive and diverse data to the central controller through high channel 
bandwidth semi- to long rage wireless connectivity. For these massive data to be 
analyzed, stored, and mining; a real-time processing based on ultra-high roundtrip 
latency is mandatory. Interestingly, for a robust roundtrip latency to be guaranteed, 
good link-budget wireless connectivity, higher speed, low power consumptions are 
additional but essential design requirements. Millimeter wave applications have 
indeed offer antidote for low channel bandwidth limitation, where possibilities of 
extremely-wide impedance bandwidth enhancement in the excess of 12 GHz, and data 
throughput well above 1 - 20 Gbps have been demonstrated in some literature. 
Ironically, the next generation of wireless digital interface data rates of 1-20 Gbps are 
pre-requisite for the mainstream deployment of big data technology. Unfortunately, 
inferior link budget in order of negative dB is evident in most cases, due to reduced 
radiation losses as a result of small aperture size of say 5 mm in particular for 60 GHz 
SoC radios. High radiation losses due to low resistivity silicon substrate, low-loss 
interconnect between components, propagation of surface wave at the interface 
between the sensor and the substrate, low integration levels, bulky and expensive 
waveguides and filters, conductor/dielectric losses, lack of high-quality machined 
metal housings,  [1]-[5] are other debilitating challenges.  
Though it has been determined that the existing IEEE 802.11x and ultra-wide band 
(UWB) standards [6] are incapable of supporting future multimedia applications, 
congestion of the band with too many competing applications are also few of the 
many drawbacks of this standard. Nonetheless, for big data communication 
technology to be robust, highly densified large-scale heterogeneous nodes must be 
configured to provide the hardware platforms for its ecosystem. If the architecture 
must be heterogeneous, existing technologies such as IEEE 802.11x standards must 
be factored in order to leverage on channel bandwidth enhancement, need for more 
functionality, and also, for IEEE 802.11x standards enable or adaptable applications. 
Moreover, current advances in semiconductor technology based on the bandgap 
reduction re-engineering could be complemented by this standard for low-cost 
alternatives, rather than to warrant mm-wave wideband wireless applications’ costs. 
The basic requirement (among others) to achieve very high levels of integration and 
functionality, is to consolidate on different existing sub-micron IC technologies, and 
also prospect for further new alternatives. In this work therefore, we intend to explore 
IEEE 802.11x standards to determine to what extent it can be configured such that a 
miniaturized microwave sensor for wireless connectivity can be achieved. We will 
also investigate if the proposed sensor is robust enough in terms of directivity to 
leverage on long range link budget. Finally, we will in addition estimate the channel 
bandwidth, the cost consequence, and the replicability. 
2   Proposed Problem Formulation  
The front end design of the wireless connectivity device for big data transmit/receiver 
via the gateway is constrained by electrical length. If this challenge is resolved, the 
problem of low radiative losses, poor directivity, and inferior link budget due to small 
form factor will be subsequent challenges. Conventional sensor design procedure of 
transceivers at IEEE 802.11x, and even at IEEE 802.15.3 has been inadequate to meet 
the system specifications. Hardware engineers are prospecting alternative robust 
solution in order to meet the systemic considerations. We proposed a microwave 
sensor depicted in Figure 1. We explore alternative such that the resonance does not 
depend on the electrical length to avoid the dimensional limitation, and rather explore 
a geometry that depends on some lumped components. The structure consists of 
assemblage of microstrip sections, bends, gaps, and joint discontinuity as 
demonstrated in Figure 1(a) of [7]. The performance of the structure is predicated on 
the intrinsic capacitive, and inductive fringing fields, in particular the inter-digit 
capacitance. Moreover, the size reduction is contingent on the long but folded inter-
digit meander line. The equation to determine the resonance is stated in Equation (7) 
of [7], whereas, this said resonance function is inversely proportional to square root of 
strip inductor (L), long but folded inter-digit capacitance (C), and also on the pad 
capacitance (Cp). These parameters (i.e. L, C, Cp) are defined by Equations (1), (2), 
and (6) as stated in [7]. 
The values of these parameters are subsequently extracted based on these equations 
using Matlab code. Various parameter values with respect to resonance are 
determined exhaustively in order to investigate the miniaturized capability of the 
structure. Table I below depicts the obtained result. Findings indicate an aperture size 
of 528 sq. mm at a resonance of 1 GHz, and 29 sq. mm at 6 GHz. The aperture size is 
reduced by 28.81% from between 1 – 2 GHz resonance pattern, 86.55% between 1 
and 3 GHz, 92.05% between 1 and 4 GHz, 94.13% between 1 and 5 GHz, and, 
94.51% between 1 and 6 GHz. Therefore, there is no limitation to the extent of size 
reduction as demonstrated by the table. However, difficulty of impedance matching, 
low radiative resistance, and etching limitation may constrain further reduction. 
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Figure 1:   The Proposed Sensor Structure 
 
 
Table I: Aperture Size Reduction Capability of the Proposed Sensor 
 
 
The proposed structure is further investigated using 3D finite integration technique 
code. We first understudy the effect of printed microwave laminate board on the size 
reduction capability. The result is as tabulated in Table II. The effect of two variables 
namely: the dielectric thickness of the laminate board, as well as the dielectric 
permittivity function - on the size reduction were examined using numerical EM code 
and available analytical formulae reported in [7]. It is evident from the table that the 
both parameters influences the reduction capability. A respective reduction ranging 
from 15%, 18.19%, 41.74%, 54.1%, and, 39.84% is feasible when comparing Roger 
3000 to other microwave laminates. It is evident that RT6010LM will offer the most 
promising reduction, directly followed by RT5870, and finally by RT5880. 
Interestingly, the increase of the thickness of the substrate may indeed enhances the 
reduction capability of the area occupancy, and also enhances impedance bandwidth, 
it may however be counterproductive in some practical applications where slimness 
could be a premium, as such prototypes could be bulky. 
 
Table II: Reduction Capability Based on Permittivity Function 
 
A proof-of-concept was designed for IEEE 802. 11g standard for WLAN ISM band 
for U-NII-3 indoor wireless applications. The dimensions are determined using the 
earlier stated Matlab code based on the said equations. The parameter values are as 
stated in Table III. The aperture size is 5.8 × 5.6 sq. mm at resonance of about 5.8 
GHz. This aperture size is much smaller than the conventional rectangular metal patch 
of about 17 × 13 sq. mm at the same resonance. The proposed structure therefore 
demonstrate miniaturized capability of 85.30% over the metal patch at the same 
resonance, substrate permittivity and thickness. 
 
Table III: Dimensions of the Proof-of-Concept Prototype 
 
 
3 Experimental Results 
Though a brilliant aperture size reduction of the proof-of-concept prototype is 
reported in Table III above, it is however pretty early to conclude a premium based on 
size occupancy only, in particular as regard small antennas. Feeding challenges, poor 
impedance matching, low power handling, parasitic effects on the fingers, and poor 
radiative resistance could depreciate the otherwise gained advantage if not carefully 
fabricated. To understudy these effects, a 3D numerical evaluation was done, and the 
prototype was measured. The numerical and the measured results are tabulated in 
Table IV. The numerical impedance bandwidth is 382 MHz, whereas, the measured is 
340 MHz. For IEEE 802.11 for U-NII-3 standard, the proof-of-concept bandwidth can 
support 17 channel bandwidth of the transceiver with a standardized channel 
requirement of 20 MHz per channel. The link budget is in excess of 9 dBi, which is 
very substantial for a single element compared to what is obtainable when millimeter 
wave AoP or AiP is implemented. Instead, an inferior impedance bandwidth of 
79.73% is demonstrated by a metallic patch even with such a large aperture size 
occupancy. It also demonstrate inferior link budget due to significant dielectric and 
conduction losses. The impedance matching is also reasonable both for the numerical 
and measured results as depicted in the table. The reactive components of both results 
are moderate as they are less than 3 Ω. Thus, the excitation power loss to the reactive 
component is negligible, with an antenna efficiency of 98.16 %. A casual comparison 
of the efficiency of the proposed to that of metallic patch indicates an inferior patch 
efficiency of 64.1%. 
 
 






In this paper, we investigated the feasibility of implementing a miniaturized microwave sensor 
for IoTs application. We posit that if the interconnections of densified heterogeneous IoT nodes 
are implemented, it could serve as platform for big data communication technology. We 
subsequently investigate the realization of IEEE 802.11x as a complimentary alternatives for 
the heterogeneous interconnections of wireless connectivity. We introduce a sensor that does 
not depend on the electrical length and as such, it’s not limited by its radiation wavelength.  We 
established that other factors such as low radiative resistance, poor impedance matching, and 
etching limitation does not limit the performance of our proposed sensor. A proof-of-concept 
was implemented and measured to further validate our position. We opined that if 
interconnections of the sensor is done, an efficient cost effective highly-integrated, high-speed, 
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